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ITS and Saudi ArabiaAbstract The genus Moringa was the family of Moringaceae and Moringa oleifera and Moringa
peregrina are the most famous species of Moringa. M. peregrina is widely grown in Saudi Arabia,
Iran and India. Therefore, based on these reports, this study aimed to investigate the ﬁrst systematic
attempt to regulate the genetic diversity of the species M. peregrina in Saudi Arabian samples
collected from several geographic locations using internal transcribed sequences. Genomic DNA
was separated by CTAB extraction method and PCR was performed. Later on, DNA sequencing
was performed for PCR products with ITS. In conclusion, the present study affords the ﬁrst report
on genetic stability of M. peregrina using ITS analysis in Saudi Arabia. Further studies are
suggested in order to study in different regions.
ª 2014 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Moringa peregrina (Moringaceae) species is commonly known
as the miracle tree, consists of 13 species from tropical and
subtropical climates and ranges in size from tiny herbs to mas-
sive trees. The Moringa tree has a wide range of use in the
areas of agriculture, health, and industry for developing coun-
tries. Moringa serves as a medicinal plant, animal fodder, and
a food source for humans. However, the Moringa tree is most
praised for its nutritional abilities and consists of vitamin and
mineral concentrations (Ghodsi et al., 2014). Morton (1991)reported that the most common species are M. peregrina
(forsk) ﬁeri (syn. M aptera Gaertns, M arabica (Lam.) Pens.,
M. zeylanica Sieb; Balanus myrepsica Blackm), M. stenopetala
Cufod,M. borzianaMattel, M. longituba Engl, M. concanensis
Nimmo, M. ovalifolia Dinter and A. Berger, M. drouhardii,
M. hildebrantii (Tsaknis et al., 1988). M. peregrina (Forssk.)
Fiori is also widely grown, but to a much lesser extent than
M. oleifera in Saudi Arabia, India and south of Iran (Somali
et al., 1984; Ghodsi et al., 2014).
M. peregrina is distributed in the region extended from the
red sea to all the Arabian Peninsula. The genusM. peregrine is
growing in many regions of the Kingdom of Saudi Arabia. It is
a fast growing tree (Abd El-Wahab, 1995). It has a grayish-
green bark, long, alternate leaves, and yellowish white to pink,
showy, fragrant ﬂowers (Boulos et al., 2000). M. peregrine is
used for nutrition and medicine in many countries in Middle
East. Ecology and nature of growth of the M. peregrine were
studied by Zaghloul et al. (2010) and Gomaa and Pico
(2011). Antimicrobial activities of M. peregrine oil extracted
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on Staphylococcus aureus, Staphylococcus epidermidis,
Pseudomonas aeruginosa, Escherichia coli, Enterobacter
cloacae, Klebsiella pneumoniae, Candida albicans, C. tropicalis
and C. glabrata (Lalas et al., 2002). The chemical properties
of M. peregrina were studied by El-Batran et al. (2005). The
pharmaceutical functions were investigated as well and proved
a signiﬁcant role as anti-cancer drug for colon and breast
cancer cells (El-Alfy et al., 2011). Seeds of M. peregrina have
anti-oxidant effects and play role in improving the health
and resistance of diseases.
There is shortage of knowledge on the genetics of
M. peregrina, even though recently few reports on genetic
assessments using inter simple sequence repeat (ISSR) (Al
Khateeb et al., 2013). The aim of this study was to investi-
gate the ﬁrst systematic attempt to regulate the genetic
diversity of the species M. peregrina in Saudi Arabian
samples collected from several geographic locations using
internal transcribed sequences.
2. Materials and methods
2.1. Plant material
In this study, I have collected 14 plants ofM. peregrina species
from 14 of Saudi Arabia: A (n= 4): Jabal Al-Ajrad, B (n= 3):
Jabal Wargan, C (n= 4): Al-Oula, D (n= 2): Wadi Tharad
and E (n= 2): Wadi Nawan regions in Saudi Arabia. The
localities of all samples are conﬁrmed in Fig. 1a and b. The
plants were identiﬁed and classiﬁed according to the morpho-
logical and taxonomical features of the plant ﬂowers, leaves
and stem (Fig. 2a–c). All samples were labeled and stored in
freezer until processed.Figure 1a A map shows the2.2. Extraction of genomic DNA
CTAB extraction method was performed to separate the
genomic DNA from the plant tissues. A total of 200 mg of
theM. peregrina tissues were removed from storage and ground
with a 60 C CTAB buffer (2% CTAB, 100 mM Tris–HCl pH
8.0, 20 mM ethylenediaminetetraaceticacid (EDTA), and
1.4 M NaCl) and transferred into 1.5 ml Eppendorf tubes.
Tubes were vortexed and incubated at 60 C for 30 min., then
cold chloroform:isoamyl alcohol (24:1) solution was added,
mixed and centrifuged at 9000 rpm for 15 min. Cold isopropa-
nol was added and mixed with the supernatant in a new tube
and kept at 20 C for 30 min to precipitate the DNA. Tubes
were centrifuged at 14,000 rpm for 15 min. DNA precipitate
was washed with 70% ethanol and left to air dry. DNA was
re-suspended in 20 ll of TE buffer (10 mM Tris–HCl pH 8.0
and 1 mM EDTA).
2.3. PCR ampliﬁcation
The sequence of the internal transcribed spacer region of the
ribosomal DNA (rDNA ITS) was obtained from the GenBank
(http://www.ncbi.nlm.nih.gov/nucleotide) accession number
(JX092071). The following ITS2 gene was used in this study;
forward sequence (MPF) 50TCGAATGAAAAAGCACGC
CC30 and reverse sequence 50TTTTTAAGCCAACCGCGA
GC30 were designed for the ampliﬁcation of M. peregrina.
The expected size of the PCR product on gel electrophoresis
is 344 bp. A total volume of 50 ll PCR mixture (3 ll genomic
DNA, 25 ll PCR Master Mix., 1 ll of each primer and 20 ll
distilled sterilized H2O) was used. PCR ampliﬁcation was
carried out in a Techne thermocycler. The PCR thermocycling
conditions were 95 C for 3 min as initial denaturation steplocations of all samples.
Figure 1b Map showing location for samples D and E.
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30 s, annealing; and 72.0 C 60 s, extension the ﬁnal extension
was at 72.0 C for 10 min. PCR products were run on 1% aga-
rose gel containing ethidium bromide and visualized. The PCR
products of the 14 samples were sent for sequencing using the
same two primers used in the PCR ampliﬁcation.
2.4. Analysis of sequencing data
The obtained sequences were checked out and then bootstrap
neighbor-joining tree was generated using MEGA version 5.1.
Comparisons with sequences in the GenBank database were
achieved in BLASTN searches at the National Center for Bio-
technology Information site (http://www.ncbi.nlm.nih.gov).3. Results and discussion
3.1. PCR analysis
Fig. 3 shows the bands observed by 1% agarose gel electro-
phoresis of PCR products from 14 M. Peregrina species of
Saudi Arabia. The two sets of primers were used in this studyto amplify the ITS2 region. A 344 bp single band was observed
for all the 14 PCR products of M. Peregrina species. All the
samples have shown the bands without failing, indicating the
presence of PCR products.
3.2. Phylogenic tree
The neighbor-joining tree of all the 14 sequenced samples of
M. peregrina was generated as shown in Fig. 4. The tree topol-
ogy visualized the results of multiple alignments. The perfect
match between microsatellite clusters, ITS2 clades and ampli-
con sizes demonstrates that ITS2 is a reliable marker to iden-
tify groups of M. peregrina that remain undifferentiated
morphologically. This result indicates that the genetic groups
of M. peregrina constitute biological species. Furthermore,
divergence between ITS2 alleles within each M. peregrina spe-
cies is much lower than between species (Fig. 4). Such deep
reciprocal monophyly suggests that the M. peregrina species
did not exchange ITS2 alleles for a relatively long time. Abso-
lute estimates on the timing since complete isolation would
require a molecular clock, which is not available in psyllids.
The failure to amplify the ITS2 locus in other species with
our diagnostic primers probably results from mutations in
(a)                                                                (b) 
                         (c) 
Figure 2 Morphology of M. peregrina (plant stem, leaves and ﬂowers). (a) Moringa peregrina, 16 Dec 2007 Dunafa Island, Aden by Al
Khulaidi. (b) Moringa peregrina, 16 Dec 2007 Dunafa Island, Aden by Al Khulaidi. (c) Moringa peregrina, Shabwa, 21 January 2010.
Figure 3 Polymerase chain reaction of the internal transcribed
spacer region of the ribosomal DNA (rDNA ITS) of M. peregrina
plants. A: Jabal al Ajrad, B: Jabal Wargan, C: Al-Oula, D: Wadi
Tharad, E: Wadi Nawan.
Figure 4 Neighbor-joining tree of all the 14 sequenced samples
of M. peregrina.
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phism within M. peregrina. The use of sets of primers will
ensure successful identiﬁcation of such individuals. The diag-
nostic PCR developed here is a fast, cost-effective and reliable
tool to assign individuals of M. peregrina to genetic groups
that appear to constitute divergent species. This tool will
greatly facilitate studies that investigate the distribution areas
of these species, their host plants and their ability to vector
phytoplasma pathogens.
The PCR ampliﬁcation and DNA sequencing success rate
for ITS of M. peregrina gene was 100%. The ampliﬁedsequence length was 344 bp. A large number of pharmacolog-
ical investigations have been directed toward the plant king-
dom as a source of therapeutic agents. Some of these
investigations were carried out on the species of Moringaceae
family. These species that occur in the Red Sea area, Arabia,
and the Indian subcontinent are all slender trees. The most
economically valuable species, M. oleifera, is now cultivated
in all the countries of the tropics.M. oleifera seems to be native
to dry tropical areas in northwestern India, at the southwest-
ern foot of the Himalayas. M. peregrina has a wider range,
growing from the Dead Sea area sporadically along the Red
Sea coasts to northern Somalia and around the Arabian
Peninsula to the mouth of the Persian Gulf. Edible oils
190 A. Alaklabiwere extracted where the trees were cultivated, by boiling the
seeds with water and collecting the oils from the surface of
the water (Lalas et al., 2002). Moringa oil has been used in skin
preparations and ointments since Egyptian times (Senugupta
and Gupta, 1970). The bright yellow oil, with a pleasant taste,
has been compared in quality with olive oil. The kernel con-
tains 35–50% by weight of oil. Recent studies in Ghana
showed that soap made with moringa oil was extremely good
(Suarez et al., 2003). In conclusion, the present study affords
the ﬁrst report on genetic stability of M. peregrina using ITS
analysis in Saudi Arabia. Further studies are suggested in
order to study in different regions.Acknowledgements
This project was funded by the Deanship of Scientiﬁc
Research, Albaha University, KSA. The assistance of the
Deanship is gratefully acknowledged. I am thankful to
Dr. Ahmad Qashash to assist me in collecting the samples.References
Abd El-Wahab, R.H., 1995. Reproduction Ecology of Wild Trees and
Shrubs in Southern Sinai, Egypt (M.Sc. diss.). Botany Department,
Faculty of Science, Suez Canal University, Ismailia, Egypt.
Al Khateeb, W., Bahar, E., Lahham, J., Schroeder, D., Hussein, E.,
2013. Regeneration and assessment of genetic ﬁdelity of the
endangered tree Moringa peregrina (Forsk.) Fiori using inter
simple sequence repeat (ISSR). Physiol. Mol. Biol. Plants 19,
157–164.
Boulos, L., 2000. In: Flora of Egypt Geraniaceae – Boraginaceae, vol.
II. Al-Hadara Publishing, Cairo, Egypt.El-Alfy, T.S., Ezat, S.M., Hegazy, A.K., Amer, A.M.M., Kamel,
G.M., 2011. Isolation of biologically active constituents from
Moringa peregrina (Forsk.) Fiori (Family: Moringaceae) growing
in Egypt. Pharmacogn. Mag. 26, 109–115.
El-Batran, S.A., Abdel-Salam, O.M., Abdelshfeek, K.A., Nazif, N.M.,
Ismail, S.I., Hammouda, F.M., 2005. Phytochemical and pharma-
cological investigation on Moringa peregrina (Forssk) Fiori. Nat.
Prod. Sci. 11, 199–206.
Ghodsi, R., Sadeghi, H.M., Asghari, G., Torabi, S., 2014. Identiﬁca-
tion and cloning of putative water clariﬁcation genes of Moringa
peregrina (Forssk.) Fiori in E. coli Xl1 blue cells. Adv. Biomed.
Res. 27, 3–57.
Gomaa, N.H., Pico, F.X., 2011. Seed germination, seedling traits, and
seed bank of the tree Moringa peregrina (Moringaceae) in a hyper-
arid environment. Am. J. Bot. 98, 1024–1030.
Lalas, S., Gortzi, O., Athanasiadis, V., Tsaknis, J., Chinou, I., 2002.
Determination of antimicrobial activity and resistance to oxidation
of Moringa peregrina seed oil. Molecules 17, 2330–2334.
Morton, J.F., 1991. The horse radish tree, Moringa Rengosperma
(Moringaceae) – a boon to arid lands? Econ. Bot. 45 (3), 318–333.
Sengupta, A., Gupta, M.P., 1970. Studies on seed fat composition of
Moringaceae family. Fett. Wiss. Technol. 72, 6–10.
Somali, M.A., Bajnedi, M.A., Al-Fhaimani, S.S., 1984. Chemical
composition and characteristics of Moringa peregrina seeds and
seed oil. J. Am. Oil. Chem. Soc. 61, 85–86.
Suarez, M., Entenza, J.M., Doerries, C., Meyer, E., Bourquin, L.,
Sutherland, J., Marison, I., Moreillon, P., Mermod, N., 2003.
Expression of a plant-derived peptide harboring water-cleaning and
antimicrobial activities. Biotechnol. Bioeng. 81, 13–20.
Tsaknis, J., 1998. Characterization of Moringa peregrina Arabia seed
oil. Grasas Aceites 49, 170–176.
Zaghloul, M.S., Abd El-Wahab, R.H., Moustafa, A.A., 2010.
Ecological assessment and phenotypic and ﬁtness variation of
sinai’s remnant populations of Moringa Peregrina. Appl. Ecol.
Environ. Res. 8, 351–366.
